Objective: The release of toxic metal ions from orthodontic alloys has induced concerns regarding the biocompatibility of fixed appliances. This study investigated the genotoxic effect of metal appliances in a sample of patients undergoing fixed orthodontic treatment.
INTRODUCTION
The orthodontic patients are exposed to a noticeable amount of metal alloys in the mouth. The thermal, microbiologic and aqueous properties of the oral environment combined with the fluctuation in pH and intake of various drinks, food and mouthwashes facilitate corrosion and result in the release of metallic ions from appliances in to oral tissues and biologic fluids of patients undergoing fixed orthodontic treatment. Nickel, chromium, cobalt and other metal ions that are released from orthodontic appliances have been demonstrated to cause biologic health hazards including contact dermatitis, hypersensitivity and cytotoxicity in several studies [1] [2] [3] [4] . A more hazardous effect of metal alloys is the possibility of causing DNA damage (genotoxicity) in human cells. The genotoxic effect of metal alloys may be due to the generation of oxidative DNA damage (direct interaction) or interference with DNA replication (indirect interaction) [5] [6] [7] . Cellular repair is an important factor in preventing persistent DNA damage, and the metal ions can also inhibit DNA repair in oral tissues [5] [6] [7] . Despite the low release of ions from metal appliances, these can be taken up by the adjacent oral tissues [7] [8] [9] over the long period of orthodontic treatment and may possibly lead to genome alteration in the oral tissues of patients wearing them. The studies on the biocompatibility of orthodontic appliances reported controversial findings. The corrosion eluates obtained from orthodontic alloys indicated genotoxic damage in a previous study [10] while other studies found no DNA damage in vitro [11] [12] [13] . Pereira et al. [14] reported that bracket placement produced a decrease in nuclear size and an increase in cytoplasm in buccal mucosa cells adjacent to brackets, but the alterations did not suggest malignancy. Faccioni et al. [7] and Hafez et al. [8] found that orthodontic appliances induced DNA breakage in buccal tissues of patients undergoing fixed orthodontic treatment. In contrast, the study conducted by Angelieri et al. [15] revealed that orthodontic therapy did not generate DNA damage and it was not able to enhance cytotoxicity. Two assays are commonly used to determine DNA damage: the single cell gel (comet) assay and the micronucleus (MN) assay. The micronucleus assay is a mutagenic test system that is frequently used in in-vitro and invivo toxicological screening for detecting potential genotoxic compounds that lead to the induction of small DNA fragments (micronuclei) in the cytoplasm of the dividing cells. Micronuclei can be observed as chromosome fragments produced by DNA strand breakage, or as whole chromosomes that have been formed during the anaphase of mitosis or meiosis when they were not able to migrate with the rest of the chromosomes towards the spindle poles. These chromatin masses are surrounded by individual membranes and appear as one small nucleus or several small nuclei in the cytoplasm instead of the main nuclei of the daughter cells. This study investigated the possible genetic damage to buccal tissues of subjects undergoing fixed orthodontic therapy by employing the micronucleus assay.
MATERIALS AND METHODS
The sample consisted of 25 subjects, 15 females and 10 males, attending the Department of Orthodontics at Mashhad Dental School, Mashhad University of Medical Sciences, Mashhad, Iran. They ranged in age from 12 to 20 years and required fixed orthodontic treatment in both arches. The patients had no previous orthodontic therapy and did not use medicine or any supplements. None of the study subjects had amalgam fillings, sharp edge restorations and oral or systemic diseases and none reported allergy to jewelry or other products that contain nickel and chromium. The patients were all non smokers and no one consumed alcoholbased mouthwashes or drinks. The healthy oral mucosa was confirmed in all subjects through clinical examination. The Ethics committee of Mashhad University of Medical Sciences approved the study protocol. The purposes of the study were fully explained for the participants and an informed consent was obtained from each subject before sampling. This was a prospective study to determine DNA damage in patients undergoing fixed orthodontic treatment.
The orthodontic appliances consisted of 4 bands with buccal tubes (Dentaurum, Ispringen, Germany) on the upper and lower first molars and 16 to 20 brackets (standard edge-wise, 0.018-in slot; Dentaurum, Ispringen, Germany). The bands and brackets were made of stainless steel. The arch wires used over the course of this study included 0.014-in nickel-titanium (NiTi; Ortho Technology, Inc., Tampa, Florida, USA), 0.016-in stainless steel (Denturum) and 0.016×0.022-in stainless steel (Dentaurum). The arch wires were held with elastomeric ligatures (Ortho Technology, Inc).
Sampling of buccal mucosa cells
The initial sampling was performed before the appliance placement. The subjects were asked to rinse the mouth several times with tap water to eliminate the exfoliated dead cells. Then, the epithelial cells from oral mucosa were collected by gentle scraping of the internal side of the right and left cheeks with a metal spatula in a sweeping motion. The cells were transferred to a plastic tube containing 5 ml PRMI-1640 medium (Gibco BRL, Grand Island, NY, USA). The sampling was repeated 9 months after the appliance placement. The cells were centrifuged, fixed in 3:1 v/v methanol: Glacial acetic acid, and dropped onto clean glass slides. The slides were air-dried and stained with May Grunwald Giemsa. The standard protocol of Fenech et al. [16] was used for micronucleus assay. One thousand cells from each subject for each sampling time were scored under a light microscope at the magnification of x 400.
Statistical Analysis
After the normal distribution of the data was confirmed by the Kolmogorov Smirnov test, paired sample t-test was used to delineate any significant difference in the frequency of micronucleated cells before and nine months after therapy.
The statistical analysis was per-formed using SPSS software (Statistical Pack-age for the Social Sciences, Version 11.5, SPSS Inc, Chicago, Ill) at the 95% confidence interval of the difference.
RESULTS
The mean age of the patients was 16.3 ± 3.6 years. The mean frequency of micronucleated cells in the buccal mucosa of patients before appliance placement was 10.6 ± 5.7 per 1000 cells. Nine months after therapy, the MN frequency was measured as 9.2 ± 6.37 per 1000 cells. Figure 1 depicts the frequencies of micronucleated cells in subjects undergoing orthodontic treatment. An example of micronucleated cell has been illustrated in Figure 2 . Statistical comparison by the paired sample t-test revealed no significant difference in the MN count between the two sampling dates (p=0.336).
DISCUSSION
The micronucleus test used in this study is a completely noninvasive and reliable technique that is suitable to determine chromosome damage in the oral cavity, nasal cavity, esophagus, bronchi, cervix and urinary tract. Although single cell gel (comet) assay can also be used in the oral mucosa cells to detect DNA damage in individual cells, it has been shown that there is not a close relationship between DNA migration in the comet assay and mutagenesis [15] , and therefore it is assumed that the micronucleus assay is more suitable than the single cell gel (comet) assay for the detection of DNA lesions [15] . The basal layer of the epithelium is responsible for cell division. The turnover rate of human oral epithelial cells is varied from 7 to 21 days and some authors consider 14 days as the median [17] [18] . Since the formation of micronuclei should take place in the progenitor cells of the epithelium during mitosis, the presence of micronuclei in the exfoliated epithelial cells reflects chromosomal damage that has occurred in the basal cell layer 1-3 weeks earlier.
The buccal mucosa cells that are frequently used for sampling are in close contact with the appliances and they may experience damage because of trauma [14] or due to continuous uptake of toxic ions released from the metal alloys [9, 7] . Furthermore, buccal cells have a limited potential for DNA repair and thus they are more suitable to reveal genome instability compared to cells that repair DNA damage more efficiently [19] . The present study reports no significant difference in the frequency of micronucleated cells before the appliance placement and 9 months later. This indicates that the placement of fixed orthodontic appliances does not increase the risk of genotoxic damage in human oral epithelium over the time period evaluated. Our findings are in contrast with those of Natarajan et al. [7] , who found a significantly higher MN count in the experimental group at the day of debonding compared to the control group without appliances, although the MN frequen-cy reverted to the normal values over the 30 days.
The study carried out by Hafez et al. [8] proved the cytotoxicity and genotoxicity of orthodontic appliances remained in the mouth for 6 months. Faccioni et al. [7] also reported decreased cellular viability and DNA breakage in buccal muscosa cells of orthodontic patients com-pared to a control group without appliances. Westphalen et al.
[20] reported a significant increase in MN cells after 30 days of ortho-dontic treatment, but the comet assay failed to show a significant genotoxic effect in the same patients after 10 days of treatment. The findings of this study, however, corroborate the results of a study performed by Angelieri et al. [15] who found no significant differences in the micronucleus frequencies before, during, and after orthodontic therapy, indicating the lack of clastogenic and/or aneugenic effects from orthodontic appliance exposure to oral mucosa cells. The controversy observed between the results of different studies may be related to several factors. The period of appliance placement was different among the studies, as some evaluated DNA damage in orthodontically treated patients at the day of debonding [17] , while others used shorter observation periods Micronuleus frequency before and 9 months after placement of orthodontic appliances of 10 or 30 days following appliance placement [6, 20] . Furthermore, some studies compared the experimental group with an untreated group (cross sectional study) [7, 8, 17] , while others evaluated the genotoxic effects longitudinally in the same patients before and after orthodontic treatment [6, 15, 20] . The sample size, the method used to detect genotoxic effects, the materials involved in the treatment, the age range of patients, and the risk factors that the patients were exposed to also vary among studies. The release of toxic metal ions from orthodontic appliances has been demonstrated in several in vitro [4, 10, 21] and in vivo [22-26] studies, but the measurable concentrations were far from the toxic concentrations [23, [27] [28] [29] . Recent studies have focused on measuring metal ion content in human mucosa cells and its correlation to cytotoxic or genotoxic alterations in the buccal epithelium. The results of studies in this field are contradictory, with some reporting a significant correlation between DNA damage and cellular nickel and cobalt concentrations [7] while others found that there is no cause and effect relationship between the cellular content of any metal ion and genome alteration [6, 8, 17] .
It should be noted that subtoxic exposures to metal ions could also induce cellular damage in human tissues [5, [30] [31] . In addition, the synergistic effect between the low concentrations of different metal ions [6] as well as the irritation and trauma from orthodontic appliances [14] may play important roles in the biologic effects of orthodontic appliances. This in vivo study did not report any genotoxic effect caused by fixed appliances on human epithelial cells of healthy subjects 9 months after orthodontic treatment. The results of this study, however, should be interpreted cautiously. It is possible that any DNA damage induced by orthodontic appliances would re-pair in healthy individuals, but a decrease in repair capacity or alterations in the immune system may allow the DNA damage to remain and be expressed as genome alteration and DNA mutations. Older age, presence of systemic diseases and risk factors such as tobacco smoke may also aggravate the harmful effects of fixed appliances. Further studies are required to determine the biologic effects of orthodontic appliances in a larger population with longer treatment period and by employing other test systems. 
CONCLUSION
The findings of this study indicate that orthodontic appliances do not expose healthy patients to an increased risk of genotoxic damage in oral mucosa cells, as evidenced by the micronuleus assay.
